Abstract. The aim of this work was to develop an algorithm for estimating the waiting time of the cars stopped before the intersection in a traffic flow measurement system (based on optical flow), which does not require the generation of the background and allows to calculation in real time. The proposed method performs analysis in HSV color space -a mask generated from S component is applied to H component. In this way a background -an asphalt and horizontal whitespace -is eliminated. The result of this operation is combined with data from optical flow to detect the vehicles which should be tracked.
Introduction
Video detection of vehicles at intersections can be realized through two approaches: using optical flow, or by generation of the background. Each of these approaches are characterized by certain disadvantages. Methods of using the generation backgrounds have to deal with "merging in the background" of cars waiting for the light to change (especially for the initial phase of the system, when such vehicles already are present on analyzed image, and placing them in the background will cause false detection at the moment they leave the intersection) . The solution is slow background generation, however, this results in reduced sensitivity to scene changes such as changes caused by weather. On the other hand, methods based on optical flow (e.g. Zhang et al. [7] ) are characterized by a rapid adaptation to changing conditions and do not require phase of the "startup" of the system, but they are affected by the lack of detection of stationary vehicles. In a situation where detector only counts passing vehicles this is not a problem. However, the extension functionality of the system by setting e.g. travel time through the intersection requires vehicle tracking also in during waiting for the light to change. An optimum solution seems to be a combination of both methods, however, it requires a significant increasing computation time of a single frame, which could not be acceptable in systems operating in real
time. An idea of speedup the traffic flow analysis time by 46 P. Pawlik, Z. Bubliński, A. Głowacz skipping the background modeling was presented by Lien and Tsai [3] . The survey [6] states that the optical flow is usually combined with other detection methods. Eg.
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Proposed solution
Such parameters like number of cars passing a given lane or queue length require the vehicle tracking only in short period of time (during approaching to the intersection and crossing the measurement line). In order to obtain the information about the waiting time for passage through the intersection an algorithm based on optical flow had to be supplemented by a mechanism for unambiguous identification of the car during his residence on the crossroadsfrom the moment of entry to the moment it leaves the intersection. Due using optical flow the stopped vehicles can not be traced (they are not moving , and therefore they "disappeared" for optical flow). For this reason, a concept of supplement an information about vehicles by color, which would allow to track them even during stoppage. The proposed solution bases on fact that the saturation of the colors of objects close the gray is very small. By eliminating from consideration "gray areas", the background of asphalt is eliminated. Moreover road markings (stripes, arrows) are removed too, since the white color also has a small saturation. So it can be easily to achieve an effect similar to removing generated background without negative effects of generation (eg remaining "ghosts" of the vehicles which move on after a long waiting at the traffic lights). The disadvantage of the proposed solution is eliminating from consideration the white and black vehicles (due low saturation). However, in order to determine the average waiting time at a traffic light is not necessary to compute it for each standing vehicle. It appears sufficient to calculate the waiting time of selected cars in the queue. Moreover, the tracking algorithm can be extended for the detection of white and black cars on the basis of brightness (which will be discussed in Section 3).
For more information about the saturation should convert the image from RGB to HSV (see Fig. 1 ). The known disadvantage of HSV model is its poor specificity in the low saturation -but in presented case such areas are excluded from consideration (the analysis is performed outside the areas of low saturation). This provides a description of the scene without lanes (no asphalt and horizontal whitespace). All that remains on the scene is described by a single parameter (H) defining a color of the object.
Narrowing the area of interest to the moving objects their dominant color can be detected. In the proposed solution this is done by analyzing the color histogram of the area indicated by the optical flow. Due to the (already mentioned) restrictions on white and black cars and taking into account the fact that two (or more) obscured vehicles can be connect to a single video object -tracking focuses on areas where the dominant color is distinct. Fig. 2 shows the effect of masking the areas with low saturation for the H component of image (see Fig. 1(d) ).
The results
While Fig. 1(d) (the binary image of the detected vehicles becomes a mask which is apply to H component masked by saturation (Fig. 3 ) and V component (Fig. 4) ). Otherwise the histogram of few joined cars is no different from a single vehicle histogram (see Fig. 3(d) ).
As can be seen in Fig. 1(a) , the most popular cars color is blue (with different saturations of this color). Therefore, for obtaining unambiguous assignment of an object to one it is desirable to focus on the analysis of the red, yellow or green vehicles. Fig. 4 shows that the V component may be useful for The most (90.7%) detected vehicles were traced properly.
Some of them (9.3%) were 'lost' due to low saturation of vehicles color. It causes that area of detected objects (after perform thresholding) is near to accepted minimum and vehicles can 'vanish' due to perspective. In the other case an object which represents a vehicle can divide. Such low-saturated vehicles should not take part in waiting time estimating. The future research will be focused on extending the algorithm on blue, white and black vehicles. Also a problem of multicolor vehicles should be resolved.
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